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It  is shown that  the e l ec t ro lys i s  of f u r an -2 -ca rboxy l i c ,  th iophene-2-carboxyl ic ,  and se leno-  
phene-2 -ca rboxy l i c  acids in d ime thy l fo rmamide  on plat inum e lec t rodes  gives  N- (2 - fu roy l -  
oxymethyl  ) -N - methyl for  mamide ,  N - ( 2 - thenoyl  oxymethyl  ) -N -me thy l  for  ma mide,  and N - ( 2-  
se l enoyIoxymethy l ) -N-methy l fo r  mamide ,  r e s p e c t i v e l y .  

In [1] it  is pointed out that  phenyl ,benzoyl ,  and benzoate  de r iva t ives  a re  obtained by the e l ec t ro lys i s  
of benzoic  acid in dimethyl  f o r m a m i d e  in the p re sence  of benzene or toluene and also in the p re sence  of 
cyclohexene and furan .  P roceed ing  f rom this ,  we decided to inves t igate  the e l ec t ro lys i s  of f u r a n - 2 - c a r -  
boxyl ic ,  th iophene-2-ca rboxy l i c ,  and se l enophene-2 -ca rboxy l i c  acids in the p r e s e n c e  of thiophene and furan,  
under s im i l a r  condit ions,  in o rder  to obtain the c o m p a r a t i v e l y  ha rd - to -ob t a in  compounds of the 2- (2-  
selenoyl) thiophene,  2-(2-se lenoyl) f l l ran ,  and 2-(2- thenoyl) furan types .  However ,  it had to be borne in mind 
that  c leavage  of the thiophene r ing  often occu r s  during the e l ec t ro lys i s  of compounds of the thiophene s e r i e s  
[2-4]. I t  s e e m e d  to us that the poss ib le  c losing of the thiophene r ing  could be prevented  if the e l ec t ro lys i s  
w e r e  c a r r i e d  out on p la t inum e lec t rodes  in d ime thy l fo rmamide  using l i thium n i t ra te  as  the support ing e l e c -  
t ro ly t e .  

Under these  conditions, the e l ec t ro lys i s  of f u r an -2 -ca rboxy l i c  acid in a mix tu re  containing an equi-  
mo lecu la r  amount  of thiophene (or without it) led to N- (2 - f~ roy loxyme thy l ) -N-me thy l fo rmamide  (Ia), while 
the e l ec t ro lys i s  of th iophene-2-carboxyl ic  acid, both in the p r e s e n c e  and absence  of furan,  led to N- (2 -  
thenoy loxymethy l ) -N-methy l fo rmamide  ~b). The analogous compound Ic was also obtained f rom se leno-  
phene -2 -ca rboxy l i c  acid.  

COOCH~--N--CHO 

! a - c  
a X~O: b x.= S:C Xo=Se 

The s t r u c t u r e s  of the products  obtained were  conf i rmed  by their  IR s p e c t r a  (see Exper imenta l ) ,  
mo lecu la r -we igh t  de te rmina t ions ,  the r e s u l t s  of e l e m e n t a r y  ana lys i s ,  and (for Ib) also by a l te rna t ive  
synthes is  f r o m  N - h y d r o x y m e t h y l - N - m e t h y l f o r m a m i d e :  

~,(c"~ (c,2o), c.~ ~ - c o c ,  
I t b  

CHO HO--CH2--N--CHO 

The s t a r t ing  f ia ran-2-earboxyl ic  acid was obtained by ref luxing Ia with aqeuous sodium hydroxide .  

The m e c h a n i s m  of the fo rmat ion  of I a - c  is s t i l l  not quite c lear  to us .  In the cour se  of the e l e c t r o -  
syn thes i s ,  c a r r i e d  out at constant  cu r r en t  density,  the e lec t rode  potential ,  m e a s u r e d  by means  of a PPT V -1  
po ten t iomete r ,  va r i ed  f r o m  2.6 to 2.9 V, with r e s p e c t  to a sa tu ra ted  ca lomel  e lec t rode  (SCE) in the case  of 
th iophene-2 -ca rboxy l i c  acid.  The po la r iza t ion  cu rves  demons t ra t ed  that  CO oxidation of the background 
solution, and the acid occurs  in this r ange  of potent ia ls .  F r o m  these  r e s u l t s ,  it can be a s sumed  that the 
following anode p r o c e s s e s  occur :  
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CH3\ -- e ~ H3 
- - N - - C l i O  ~ �9 C f l 2 - - N - - C H O  4 I t "  

CH3/' 

-'~--COOH --e ~S~'~--CO0, + fl' 

In addition to dimethylformamide,  we also used dimethyl sulfoxide, but the s tar t ing carboxylic acids 
were  r e c o v e r e d  unchanged in all ca ses .  

E X P E R I M E N T A L  

The dimethylformamide and dimethyl sulfoxide were dried and distilled to give mater ia ls  with n~ 
1.4290 and 1.4756, respec t ive ly .  The acids were synthesized by known methods and purified with r e spec t  to 
the l i t e ra ture  melting points.  The ]R spec t ra  of minera l  oil suspensions of the samples  were  r e c o r d e d  with 
a UR-20 spec t rometer  with sodium chloride and lithium chloride p r i sms .  The molecular  weights were  de- 
te rmined in benzene solution by the c ryoscopic  method. The e lect rosynthes is  was ca r r i ed  out in a sealed 
150-ml e lect rolyt ic  cell equipped with two smooth platinum elect rodes  (3 x 3 crn) situated at a dis tance of 
0.5 cm, a jacket for water cooling, a the rmomete r ,  a ga s - r emova l  tube, and a magnetic s t i r r e r .  

N- (Furoyloxymethyl ) -N-methyl formamide  (In). A cell was charged with 120 ml of dimethylformamide,  
9 g (0.08 mole) of fu ran-2-carboxyl ic  acid, 6.7 g (0.08 mole) of thiophene, and 0.084 g of lithium nitrate ,  
and a di rect  250 mA cur ren t  was passed through the cell at 20 ~ for 19 h. The cell contents were fil tered, 
and the f i l t rate was distil led at a tmospher ic  p r e s su re .  The fraction with bp 80-130 ~ was unchanged thio-  
phone mixed with dimethylformamide.  The dark, viscous res idue  obtained after removal  of thiophene and 
dimethylformamide was extracted with benzene, and the benzene extract  was washed success ive ly  with 
sa tura ted  sodium bicarbonate solution and water and dried over magnes ium sulfate.  The benzene was r e -  
moved by distillation, and the res idue  was vacuum distilled. The fraction with bp 111-122 ~ C0.085 ram), on 
standing in a r e f r i g e r a t o r ,  was converted to a solid, slightly yellow product that was r ec rys t a l l i zed  f rom 
h e p t a n e - e t h e r  to give 3.2 g (22~ of Ia. Found %: C 52.4; H 5.0; mol.  wt. 179. CBHgNO 4. Calculated %: 
C 52.5; H 5.0; tool. wt. 183.4. IR spect rum:  3160, 1720, 1690 cm -1 (CH of the furan ring,  CO, and CHO). 

Similar  r esu l t s  were obtained in the e lec t ro lys is  of furan-2-carboxyl ic  acid in dimethylformamide in 
the absence of thiophene. 

Hydrolysis  of N-(Furoyloxymethyl) -N-methylformarnide .  A mixture of 1.8 g (0.01 mole) of Ia and 15 
ml of 5% aqueous sodium hydroxide was ref luxed for 1 h. The flask contents were  cooled in ice water and 
acidified with 10% sulfuric acid. The resul t ing c rys ta l s  were fil tered, washed with water ,  and dried in a 
des iccator  over magnesium sulfate. The product  did not depress  the melting point of an authentic sample of 
fu ran-2-carboxyl ic  acid (rap 133~ 

N-C2-Thenoyloxymethyl)-N-methylformamide ([b). A. A cell was charged with 8.8 g (0.05 mole) of 
th iophene-2-carboxyl ic  acid, 4.76 g C0.07 mole) of furan, 0.074 g of lithium nitrate,  and 120 ml of d imethyl-  
formamide .  A 250 mA cur ren t  was passed through the cell  for 17 h. The react ion mixture was worked up 
as in the case of Ia to give 2.8 g {21%) of Ib with bp 138-140 ~ C0.8 mm) and mp 51-52 ~ The same resu l t s  
were  obtained in the absence of furan.  Found %: C 48.3; H 4.9; S 16.2; mol.  wt. 192. CsHgNO3S. Calcu-  
l a ted%:  C 48.2; H 4.6; S 16.1; moI .  wt. 199.2. IR spec t rum:  3090, 1690, 1670 cm -1 CCH of the thiophene 
r ing,  CO, and CHO). 

B. A mixture of 29.8 g of N-methyl formamide ,  15.5 g of paraformaldehyde,  0.5 g of potassium carbon-  
ate, and 50 ml of absolute alcohol was ref luxed for 1 h on a g lycerol  bath (bath t empera tu re  110~ The a lco-  
hol was r emoved  by distillation, and the res idue  was washed with absolute ether .  The e ther- insoluble ,  co lo r -  
less  oil was N-hydroxymethyl -N-methyl formamide  [5] which, without pr ior  purification,* was used to ob-  
tain lb. 

A mixture of 17.7 g (0.24 mole) of N-hydroxymethyl -N-methyl formamide ,  13.8 g (0.1 mole) of thio-  
phene-2-carboxyl ic  acid chloride,  and 100 ml of 5% sodium hydroxide was s t i r red  for 30 rain in ice water .  

* The compound was thermal ly  unstable and, therefore ,  could not be vacuum disti l led.  
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The reac t ion  product  was ex t rac ted  th ree  t imes  with benzene,  and the benzene ex t rac t  was washed s u c c e s s i v e -  
ly with sa tu ra t ed  sodium bicarbonate  and water  and dr ied over  magnes ium sulfate .  The benzene was r e -  
moved  by dist i l lat ion,  and the r e s idue  was vacuum dist i l led at 0.1 m m .  The f rac t ion  with bp 137-142 ~ [5.9 g 
(32%)] solidified at r o o m  t e m p e r a ~ r e  upon seeding with N- (2 - thenoy loxymethy l ) -N-me thy l fo rmamide .  R e -  
c rys t a l l i za t ion  f rom diethyl e t h e r - h e p t a n e  gave a subs tance  with mp 51-52 ~ that did not dep re s s  the m e l t -  
ing point of Ib obtained by  method A. 

N- (2 -Se !enoy loxymethy l ) -N-methy l fo rmamide  (Ic). A cel l  was charged  with 8.75 g (0.05 mole) of 
s e l enophene -2 -ca rboxy l i c  acid, 0.072 g of l i thium n i t ra te ,  and 120 ml  of d ime thy l fo rmamide .  A 250 mA 
cu r r en t  was pas sed  through the mix tu re  for 22 h. The mix tu re  gradual ly  darkened,  and se len ium was de-  
posi ted on the anode.  After  s i m i l a r  workup, the product  was purif ied by double vacuum dist i l lat ion to give 
4.2 g (36%) of Ic with bp 161-165 ~ (0.8 ram),  bp 136-137 ~ (0.08 ram),  and n~ 1.5778. Found %: C 39.0; H 
3.8; molo wt. 241. CsHgNO3Se. Calcula ted  %: C 39.0; H 3.7; mol .  wt. 246.1. 
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